Abstract A normal-phase liquid chromatography (NPLC) fractionation procedure was developed for the characterization of a complex mixture of polycyclic aromatic hydrocarbons (PAHs) from a coal tar sample (Standard Reference Material (SRM) 1597a). Using a semi-preparative aminopropyl (NH 2 ) LC column, the coal tar sample was separated using NPLC based on the number of aromatic carbons; a total of 14 NPLC fractions were collected. SRM 1597a was analyzed before and after NPLC fractionation by using gas chromatography/mass spectrometry (GC/MS) with a 50% phenyl stationary phase. The NPLC-GC/MS method presented in this study allowed for the identification of 72 PAHs and 56 MePAHs. These identifications were based on the NPLC retention times for authentic reference standards, GC retention times for authentic reference standards, and the predominant molecular ion peak in the mass spectrum. Most noteworthy was the determination of dibenzo [a,l]pyrene, which could not be measured directly by GC/MS because of low concentration and co-elution with dibenzo [j,l]fluoranthene. The NPLC-GC/MS procedure also allowed for the tentative identification of 74 PAHs and 117 MePAHs based on the molecular ion peak only. This study represents the most comprehensive qualitative characterization of SRM 1597a to date.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are an important class of environmental pollutants originating from a wide variety of natural and anthropogenic sources. Studies have shown that exposure to PAHs can lead to an increased risk of cancer and as such, PAHs are classified as potential carcinogens [1] [2] [3] . PAHs have been detected in environmental and combustion-related samples such as coal tar [4] [5] [6] [7] [8] [9] [10] , diesel particulate matter [11] , crude oil [12] , air particulate matter [13] , mussels [14] , sediments [14] , and cigarette smoke particulate [15] . The National Institute of Standards and Technology (NIST) has developed a variety of natural matrix Standard Reference Materials (SRMs) for use in validating new and current analytical methodologies for the determination of PAHs [14] . The sample under investigation in this report (SRM 1597a ) is a complex mixture of PAHs from coal tar for which mass fractions of individual PAHs of selected isomer groups have been measured and included in the Certificate of Analysis (COA) [8] . The distribution of the molecular mass (MM) isomer groups for PAHs reported in the Disclaimer Certain commercial equipment or materials are identified in this paper to specify adequately the experimental procedure. Such identification does not imply recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the materials or equipment identified are necessarily the best available for the purpose.
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COA is as follows: MM 178 Da (2), MM 202 Da (2), MM 226 Da (2), MM 228 Da (4), MM 252 Da (7), MM 276 Da (3), MM 278 Da (7), MM 300 Da (1) , and MM 302 Da (17) ; and the distribution for methyl-substituted (Me) PAHs is as follows: MM 192 Da (6) , MM 216 Da (4) , and MM 242 Da (1) . In addition, quantitative values for PAHs with MM 326 Da [4] and MM 328 Da [5] in the SRM are reported in the literature. In addition to the parent PAHs, a limited number of Me-PAHs are reported in the COA for the following isomer groups: MM 192 Da (6) , MM 216 Da (4), and MM 242 Da (1) .
Methods used to quantify PAHs in complex natural-matrix SRMs at NIST have typically employed a combination of the following: extraction, fractionation by normal-phase liquid chromatography (NPLC) or cleanup by solid-phase extraction, gas chromatography/mass spectrometry (GC/MS) and/ or reversed-phase (RP)-LC coupled to a fluorescence detector (FLD). NPLC is now widely employed to separate complex PAH mixtures into fractions using polar stationary phases: aminopropyl (NH 2 ) [4, 5, 7, 16, 17] , nitrophenyl (NO 2 ) [18] , dihydroxypropyl propyl ether (Diol) [19] , aminocyano (NH 2 CN) [20] , and silica [21] to best isloate individual compounds for selective identification and quantification. GC/MS and RPLC-FLD methods have been used as complementary methods of analysis to determine PAHs in natural matrix SRMs for over 40 years at NIST [14] . The GC/MS approach typically requires analysis of extracts with various stationary phases with different selectivity for PAHs to characterize the samples. Stationary phases that exhibit different selectivity toward PAHs include a 5% phenyl-substituted methylpolysiloxane (phenyl-MPS) phase, 50% phenyl-MPS phase, and/or 50% liquid crystalline dimethylpolysiloxane (LC-DMPS) phase [4-8, 11, 13, 16] . In contrast, the RPLC-FLD approach usually involves the separation of PAHs with a polymeric octadecylsilane (C 18 ) stationary phase, which has been shown to provide excellent separation of isomeric PAHs and MePAHs based on shape of the PAH isomer [22] [23] [24] [25] . The molecular shape of PAH isomers has been described previously using the length-to-breadth ratio (L/B) and thickness (T) values. In general, retention of PAH isomers was observed to increase with increasing L/B values; however, non-planar PAHs eluted earlier than expected based on L/B values [22] .
In the current study, a NPLC fractionation procedure coupled with UV detection was developed based on retention data reported elsewhere for over 180 PAHs and MePAHs [26] and applied to a coal tar sample (SRM 1597a). The NPLC fractionation of SRM 1597a allowed for the identification of 72 PAHs and 56 MePAHs through comparison of GC retention data with pure reference standards. In addition, a total of 74 PAHs and 117 MePAHs were tentatively identified in SRM 1597a based on the predominant molecular ion peak in the GC mass spectra. A similar study for polycyclic aromatic sulfur heterocycles (PASHs) and their alkylated derivatives in SRM 1597a will be published elsewhere. 
Materials and methods

Materials
Instrumentation and chromatographic columns
NPLC-UV fractionation was performed using a Varian 9012 Solvent Delivery System (Agilent, Santa Clara, CA) coupled to Jasco UV-1570 Intelligent UV-vis detector (Easton, MD) with a NH 2 semi-prep column from Waters (Milford, MA) with the following characteristics: 25.0 cm length, 10 mm internal diameter, and 5 μm average particle diameters. GC/ MS analysis was performed on a gas chromatograph (HP 6890 series GC, Agilent Technologies, Avondale, PA) coupled to a quadrupole mass spectrometer with electron impact (EI) ionization (HP 5973 MSD, Agilent). The GC was equipped with an on-column injector and an autosampler. Separations were carried out on an 50% phenyl stationary phase (SLB-PAHms column) obtained from Supelco (Bellefonte, PA) with the following characteristics: 60.0 cm length, 0.25 mm internal diameter, 0.25 μm film thickness, and a maximum programmable temperature of 360°C.
Methods
NPLC fractionation
SRM 1597a was concentrated by N 2 evaporation to near dryness (≈100 μL) and reconstituted with the n-hexane/DCM mixture (98/2 vol/vol) to the volume of 1.5 mL. This allowed for multiple sample injections at the maximum workable level for the fractionation system, i.e. below the overloading limit of the NH 2 column. The fractionation procedure consisted of injecting 0.25 mL of the sample solution into the NH 2 column using a mobile phase of 98% n-hexane, 2% DCM, and a flow rate of 4.0 mL/min. Fourteen fractions were collected using an in-house collection system over a 90 min time interval. The collected fractions were concentrated by N 2 evaporation to individual volumes of ≈ 0.25 mL.
GC/MS measurements
PAHs were determined in a non-fractionated SRM 1597a sample and in the NPLC fractions using GC/MS with oncolumn injection and the mass spectrometer programmed in selected-ion monitoring (SIM) mode for the following molecular ions of each individual parent PAH isomer groups: m/z 202, 228, 252, 278, 300, 302, 326, and 328. The SIM mode was used for the following molecular ions of the MePAHs: m/z 180, 192, 216, 242, 266, and 292. The GC oven was temperature programmed as follows for the two-ring to fivering PAHs: isothermal at 60°C for 2 min then 5°C/min to 300°C, and isothermal at 300°C for 50 min. In the case of six-and seven-ring PAHs, the GC oven temperature was programed to be isothermal at 100°C for 1 min, with 45°C/min to 200°C, 2°C/min to 310°C for 130 min, 45°C/min to 325°C, and isothermal at 325°C for 60 min.
Results and discussion
SRM 1597a is a natural complex mixture of PAHs derived from coal tar for which a selected number of PAHs have been assigned a mass fraction value. SRM 1597a has certified mass fraction values for 34 PAHs, reference mass fraction values for 36 PAHs, and reference mass fraction values for 10 PASHs [8] . The mass fraction values for these PAHs were assigned based on combining results from several methods including GC/MS on a 5% or 50% phenyl stationary phase, GC/MS on a 50% liquid crystalline-dimethylpolysiloxane stationary phase (50% LC-DMPS), and/or RPLC-FLD [8] . PASH mass fraction values were based on measurements performed with GC/ MS and GC coupled to an atomic emission detector (AED) using the same stationary phases used for the PAHs [8, 27] . For detailed characterization of specific PAH isomer groups, the coal tar sample has been fractionated by NPLC using a semi-preparative NH 2 column to isolate isomeric fractions of PAHs in previous studies [4, 5, 16] . A similar approach, based on extensive NPLC PAH retention data [26] , was implemented in the present study prior to PAH determination by GC/MS using a recently developed 50% phenyl phase GC column (SLB-PAHms).
The NPLC chromatogram for the fractionation of SRM 1597a is shown in Fig. 1 . A total of 14 fractions were collected over a 90 min time interval. Based on GC/MS analysis of the fractions, the distribution and identification of the parent three-ring, four-ring, five-ring, six-ring, and seven-ring PAHs in fractions 3-14 are summarized in Table 1 . The distribution and identification of the three-ring, four-ring, and five-ring MePAHs in fractions 3-11 are summarized in Table 2 . Fractions 1 and 2 contained one and two aromaticring compounds, which were not of interest in this investigation. Individual identifications in fractions 3-14 are summarized in Table S1 (see ESM). The identification of the individual PAHs was based on three criteria: (1) the NPLC retention times of authentic reference standards, (2) GC retention times of authentic reference standards, and (3) the predominant molecular ion peak in the mass spectrum. Using these criteria, a total of 72 PAHs and 56 MePAHs were identified in fractions 3-14. The tentatively identified number of PAHs (74) and MePAHs (117) listed in Tables 1 and 2 (within parentheses) is based solely on criterion 3. The following sections will discuss in detail the identification of both the parent PAHs and MePAHs.
Three-ring PAHs
The [29] . No reference standards were available for their identification 
a Identified based on the retention times obtained with reference standards b Tentatively detected based on the predominant molecular ion peak in the mass spectrum. These are represented in the 
a Identified based on retention times of reference standards b Tentatively identified based on the predominant molecular ion peak in the mass spectrum. These are represented in the table by the values located in the parentheses c n.d. = Molecular ion not detected in this fraction
MePhe isomers in diesel particulate-related SRM samples. Previous work by Wise et al. [8] has demonstrated the ability to identify 1-Me and 4-MePhe in the coal tar sample using different GC stationary phases. In this study, the three possible MeAnt isomers are identified in the coal tar sample, but 2-MeAnt is the only isomers previously reported in the COA [8] . The signal in the GC/MS chromatogram for 1-Me and 2-MeAnt are about 2 orders of magnitude higher than 9-MeAnt.
Four-ring PAHs
The , and chrysene (Chr) are detected in the sample and are reported in the COA. Naphthacene (Nap) is not reported in the COA but was identified in the unfractionated sample (ESM Fig. S5a ) and F6 (ESM Fig. S5b) . Based on the retention behavior reported by Wilson et al. [26] , BcPhe and Nap elute in the NPLC fraction before BaA, TriPhe and Chr. The GC/MS chromatograms obtained for the cata-condensed MM 242 Da MePAH isomers in SRM 1597a, F6, F7, and F8 are shown in Fig. 2a, b , c, and d, respectively. Based on these results, 22 of the possible 29 isomers were identified in F6, F7, and F8 (ESM Table S1 ).
Six of the seven methyl-substituted isomers identified in F6 have a high degree of non-planarity with T values of 5.00 Å (3-MeBcPhe) to 5.39 Å (4-MeBcPhe). 11-MeBaA is the one planar isomer to elute in F6, an expected behavior that confirms previously reported retention index (log I) data [26] . The largest number of MM 242 Da isomers were identified in F7 (13 total), which included the non-planar 4-Me and 5-MeChr isomers (T = 5.01 Å and 5.28 Å, respectively). For no apparent reason, these two isomers are retained on the NH 2 phase slightly longer than the non-planar isomers in F6 [26] . The only three isomers for which no reference standards were available are 1-Me, 2-Me, and 12-MeNap. Three unidentified peaks (peaks 1-3) in the GC/MS chromatogram of F7 were tentatively identified to have a MM of 242 Da, however; these three isomers would be expected to elute in F6 with Nap because of their planar molecular structure.
The benefit of using NPLC fractionation is demonstrated with all three fractions (F6, F7, and F8). 2-Me and 11-MeBaA co-elute in the unfractionated sample; on the contrary, after the NPLC fractionation, 11-MeBaA is identified in F6 and 2-MeBaA is identified in F7. In the case of 4-Me, 5-Me, and 6-MeBcPhe, the contribution of an unidentified compound that is present in the unfractionated sample is removed from the sample in F6. 7-MeBaA and 2-MeTriPhe are separated in the NPLC fractionation procedure from other interfering isomers. There are still cases were isomers co-elute after fractionation, and in these cases, analysis of the fractions could be beneficial using multiple GC stationary phases with different selectivities.
Five-ring PAHs
The GC/MS chromatograms obtained for the five-ring pericondensed MM 252 Da PAH isomers in SRM 1597a, F7, and F8 are shown in Fig. 3a [30] has recently shown the ability to separate and identify BaF and BkAcep in SRM 1597a using a 50% LC-DMPS stationary phase. BlAcep and BjAcep coelute on the 50% phenyl phase but in the study by Nalin et al. [30] both isomers are separated using a 50% LC-DMPS phase. By combining the current results with the results of Nalin et al. [30] , we can identify the presence of BlAcep in SRM 1597a. BjAce and BeAce co-elute on both stationary phases and because of their relatively low response in the GC/ MS chromatograms, identification was not possible in the coal tar sample.
For the 12 MM 252 Da isomers in this study, there are a total of 130 possible MM 266 Da MePAH isomers but only 15 reference standards were available (12 MeBaP isomers and 3 MePer isomers). The GC/MS chromatograms obtained for the five-ring peri-condensed MM 266 Da MePAH isomers in SRM 1597a, F6, F7, F8, F9, and F10 are shown in Fig. 4a,  b, c, d , e, and f, respectively. 1-Me, 2-Me, 3-Me, 4-Me, 5-Me, 6-Me, 8-Me, 9-Me, and 12-MeBaP were identified in F9 along with 2-Me and 3-MePer. 10-Me and 11-MeBaP were not detected in the coal tar sample but would have eluted in F8 due to their non-planarity (T = 4.98 Å and 4.89 Å, respectively) [26] . Based on reference standards, 7-MeBaP and 1-MePer would elute in F9 of the NPLC chromatogram. Both of these isomers co-elute in the GC/MS chromatogram (Fig. 4e ) not allowing for the confirmation that both or one of the two isomers are identified in coal tar sample. In addition to the 11 MePAHs identified based on reference standards, there were a total of 42 MM 266 Da MePAH isomers tentatively identified in the coal tar sample in the following fractions (peaks 1-42): (F6) 5, (F7) 3, (F8) 3, (F9) 16, and (F10) 15. It is important to note that some of the tentatively identified peaks in these fractions could be from the five-ring MM 266 Da cata-condensed PAH isomer group (i.e., 7H-Dibenzo[c,g]fluorene) [28] , which is a benzene ring extension to the four-ring MM 216 Da cata-condensed PAH isomers identified in Fig. S4 (see ESM) . The MM 266 Da PAH and MePAH isomer groups have the same number of aromatic carbon atoms (i.e., 20) and would be expected to elute in the same NPLC fractions [26] .
The GC/MS chromatograms obtained for the five-ring cata-condensed MM 278 Da PAH isomers in SRM 1597a, F9, and F10 are shown in Fig. 3d , and picene (Pic) are identified in the unfractionated sample with co-elution between DBahA and Pen. Nalin et al. [30] have identified DBahA and Pen in SRM 1597a by separating these two isomers using a 50% LC-DMPS phase. The theoretical number of isomers for the MM 278 Da PAHs is 12 [28, 31] , and these isomers differ significantly in terms of non-planarity. DBbgPhe, BgC, and BcC have T values of 5.23 Å, 5.32 Å, and 5.40 Å, respectively. These three MM 278 Da isomers elute in F9 and the planar isomers (T ≈ 3.89 Å) eluted in the F11. No MM 278 Da PAH isomers were detected in F10. Dibenzo[c,g]phenanthrene (DBcgPhe) and pentacene (penta) were not identified in the coal tar sample but they would have eluted in F9 and F11, respectively, based on NPLC retention data [26] .
The GC/MS chromatograms obtained for the five-ring cata-condensed MM 292 Da MePAH isomers in SRM 1597a, F7, F8, F9, F10, and F11 are shown in Fig. 5a, b, c,  d , e, and f, respectively. There are a total of 130 possible isomers for the methyl-substituted five-ring cata-condensed PAHs [28] . In the current study, reference standards were only (peaks 1-69) . Even though standards were not available for positive identification, the power of the NPLC fractionation to provide potential identification and eventual quantification is evident.
Six-ring PAHs
The MM 302 Da isomers are the largest group of PAH isomers previously characterized in SRM 1597a [6, 8, 16, 32] . NIST has quantified a total of 17 MM 302 Da isomers and identified an additional 6 isomers. The mass fraction concentrations assigned to the 17 MM 302 Da isomers reported in the COA are based on the combination of results from five separate analytical approaches as described elsewhere [6-8, 16, 32] . In addition, several recent publications have supplied additional qualitative and quantitative information on these isomers in SRM 1597a [5, 9, 10] . Wilson et al. [9] [10] quantified the same five isomers using the combination of 4.2 K excitation-emission matrices and parallel factor analysis without a chromatographic separation. Qualitative measurements have been performed by Oña-Ruales et al. [10] to demonstrate the advantage of using NPLC to separate the MM 302 Da isomers based on planarity differences prior to GC/MS analysis. Recently, Wilson et al. [26] reported NPLC retention data that explains the observations previously reported by Oña-Ruales et al. [10] . In the present study, we refine and expand the use of NPLC to improve on the separation and characterization of MM 302 Da isomers in SRM 1597a.
The GC/MS chromatogram obtained for the MM 302 Da isomers in SRM 1597a (unfractionated) is shown in Fig. 6a using the SLB-PAHms column (50% phenyl), which is similar to the results published previously by Schubert et al. [6] using a DB-17 ms (50% phenyl) GC column with identical dimensions (60 m × 0.25 mm i.d. × 0.25 μm film thickness). A number of the isomers remain unresolved despite the long column lengths and extended analysis time. Among the NPLC fractions isolated, the MM 302 Da isomers were identified in F10, F11, and F12 as shown in Fig. 6b, c, and d , respectively. Based on criteria 1 and 2 discussed previously, the number of MM 302 Da PAH isomers identified in F10, F11, and F12 were 4, 4, and 13, respectively. Based on criterion 3, eight additional MM 302 Da PAH isomers (peaks 1-8 in Fig. 6 ) were tentatively identified in F10, F11, and F12.
The GC analyses of NPLC fractions reported in this study were obtained using the same chromatographic conditions previously published by Schubert et al. [6] . The elution profiles on both GC columns were expected to be similar since both stationary phases are 50% phenyl phases; however, there were some differences in selectivity. One of the differences involved the elution order of naphtho[1,2-a]pyrene (N12aP) and naphtho [2,3-k] fluoranthene (N23kF). Schubert et al. [6] identified N23kF eluting before N12aP on a DB-17 ms column. N12aP elutes before N23kF in the present study on the SLB-PAHms column. The second difference involves the retention behavior of naphtho[1,2-e]pyrene (N12eP). In the The third separation difference involves the elution of DBalP, which is the most carcinogenic PAH reported [33, 34] , and its accurate determination in combustion-related samples is of considerable importance but difficult to achieve. Schubert et al. [6] reported the separation of DBalP from DBjlF; however, in the present study both MM 302 Da isomers co-elute in the GC/MS chromatogram obtained for the SRM 1597a without NPLC fractionation (Fig. 6a) . Due to the differences in structural non-planarity of DBalP (T = 5.17 Å) and DBjlF (T = 4.40 Å), DBalP is separated from DBjlF in the NPLC fractionation step. As clearly shown in Fig. 6b , DBalP can be determined easily in the GC/MS chromatogram of F10.
The theoretical number of isomers for the MM 328 Da PAHs is 37, and the isomers differ significantly in terms of non-planarity [28, 31] . Reference standards were available for a total of 17 isomers of MM 328 Da PAHs. Direct qualitative or quantitative analysis of the MM 328 Da isomers via GC/ MS (no NPLC fractionation) is extremely difficult due to low concentration and co-eluting peaks as shown in Fig. 7a [26] . DBgpC and Phe34cPhe were expected to elute in F11 with T = 6.15 Å and T = 7.41 Å, respectively [26] . DBcpC, N23gC, and N12aNap elute together in F12 because of their similar T values of 5.62 Å, 5.43 Å, and 5.00 Å, respectively. The non-planar BhPen (T = 4.85 Å) elutes in F14 with the 10 planar isomers. For the planar isomers (T ≈ 3.90 Å), 10 of 11 isomers eluted within the same fraction (F14). BcPic was the one planar isomer that eluted in F13. With the exception of BhPen, all the non-planar isomers eluted in the fractions prior to the planar isomers. The retention behavior of BcPic and BhPen was expected based on their NPLC retention behavior [26] .
The GC/MS chromatograms obtained for F11 and F12 are shown in Fig. 7b and c, respectively. Phe34cPhe and DBgpC were not detected in F11 while DBcpC, N23gC, and N12aNap were identified in F12. In the case of DBcpC and N23gC, they were baseline resolved in both GC/MS chromatograms without (Fig. 7a) and with (Fig. 7c ) NPLC fractionations. N12aNap was better resolved in the GC/MS chromatogram of F12 because of the elimination of other PAHs during the NPLC fractionation. In addition to the 6 non-planar isomers available in this study, there are 15 unidentified non-planar isomers shown in Fig. S6 (see ESM) with T values ranging from 5.23 Å (N23aTe) to 6.57 Å (DBcgC). In the case of F11, there were two unidentified MM 328 Da isomers identified (peaks labeled 1 and 10). Based on the T values of the 15 nonplanar isomers for which no reference standards were available, these two peaks could possibly be the extremely nonplanar isomers, i.e., DBclC (T = 5.97 Å), N21cC (T = 6.00 Å), BsPic (T = 6.00 Å), N12gC (T = 6.11 Å), N12aTe (T = 6.24 Å) and/or DBcgC (T = 6.57 Å). In the case of F12, there were nine additional MM 328 Da isomers tentatively identified (peaks labeled 2, 3, 7, 9, 10, and 12-15 in Fig. 7 ). Those nine tentatively identified MM 328 Da isomers could be the nine remaining non-planar isomers for which no reference standards were available, which have T values ranging from 5.23 Å (N23aTe) to 5.44 Å (N23cC and BfPic).
The GC/MS chromatograms obtained for F13 and F14 are shown in Fig. 7d and e, respectively. BcPic was the only MM 328 Da isomer detected in F13 with an available reference standard. The largest number of MM 328 Da isomers (11) were found in F14. In comparison to the GC/MS chromatogram shown in Fig. 7a , the chromatogram of F14 (Fig. 7e) was improved significantly by the removal of a substantial portion of the MM 326 Da isomers through the NPLC fractionation step (F13, Table 1 ). In addition, four MM 328 Da isomers were tentatively identified in F13 and one in F14, which are most likely the five planar isomers shown in Fig. S7 (see ESM) with T ≈ 3.90 Å.
The NPLC conditions used in the present study allowed for BcPic and N21aNap to be determined in separate fractions. Oña-Ruales et al. [5] previously reported the semi-quantitative determination of BcPic and N21aNap together using a similar NPLC fractionation procedure that had both isomers elute in the same NPLC fraction. Quantitative analysis of some MM 328 Da isomers is still limited despite the benefits of the NPLC fractionation conditions in the present study. DBalNap, N12bC, DBajNap, DBbkC, and Hexap were collected in the same fraction (F14) and are only partially resolved in the GC/MS chromatogram (Fig. 7e) obtained with the 50% phenyl phase.
Seven-ring PAHs
Coronene (Cor) is typically the only PAH of MM 300 Da quantitatively measured in combustion-related [5] [6] [7] [8] and environmental [6] samples due to the lack of authentic reference standards for additional isomers. Because of their mass fragmentation similarities with the MM 302 Da PAHs, quantitation via direct analysis with GC/MS is often difficult depending on the stationary phase [6] . The GC/MS chromatogram obtained for the MM 300 Da isomers in SRM 1597a is shown in Fig. S8a (peaks 1-24) . From examining the GC/MS chromatograms of F12, F13 and F14, it is clearly shown that the NPLC fractionation separated two interfering MM 326 Da isomers into different fractions from the five identified isomers. In the case of N1234ghiPer, the interfering MM 326 Da PAH isomer (peak 24) elutes earlier in F12. In the case of DBbqprPer, the interfering MM 326 Da PAH isomer (peak 23) elutes in F14. Similar observations were reported previously by Oña-Ruales et al. [4] using different fractionation conditions and a slightly different GC/MS stationary phase.
Conclusions
A NPLC fractionation procedure using a NH 2 column was developed and used in combination with GC/MS for the identification of three-ring to seven-ring PAHs in a coal tar sample (SRM 1597a). Direct comparison between GC/MS analysis with and without NPLC fractionation clearly illustrates the benefit of the NPLC fractionation procedure. A total of 72 PAHs and 56 MePAHs were identified based on comparison with authentic standards, and an additional 74 PAHs and 117 MePAHs were tentatively identified. The results presented in this paper represent the most extensive qualitative characterizations of PAHs and MePAHs in SRM 1597a and will serve as a guide for future measurements of PAHs in environmental and petroleum SRM samples.
